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Abstract
We consider Brans-Dicke (BD) scalar-vector-tensor gravity to study
an inflationary scenario of the accelerating expanding Universe with
anisotropy. To do so we use Bianchi I background metric which its spa-
tial part has cylindrical symmetry. Applying comoving frame to solve
dynamical field equations. Our solutions describe a non-singular expo-
nentially inflationary accelerating expanding Universe in presence of a
linear form of self interacting the Brans Dicke scalar field and kinetic
energy of the used dynamical vector field. Also we obtain a power-law
accelerating expanding singular cosmological model with a power law
self interacting the Brans Dicke scalar field. Our solutions predict that
the spatial anisotropy of the cosmic space time does not stopped but
continues with a decreasing rate. All solutions satisfy observational
data such as e-folds number of the inflation, scalar spectral index and
etc. Furthermore we obtained an one-dimensional non-singular non-
accelerating expanding Dirac-Milne model by setting some suitable
values on the parameters of the metric solutions.
1 Introduction
The standard ΛCDM model which is satisfied by the standard model of
cosmology has a great success in explaining the observations of the cosmic
microwave background radiation (CMBR) temperature anisotropies, as well
as the galaxies distribution and motion [1-4]. This model which is based
on the validity of the cosmological principle (the spatial homogeneity and
isotropy) and the Einstein‘s general relativity explain most large-scale obser-
vations with unprecedented accuracy. However, several directional anomalies
have been reported in various large-scale observations. In short they call as:
the polarization distribution of the quasars [5], the velocity flow [6-8], the
handedness of the spiral galaxies [9-11], the anisotropy of the cosmic acceler-
ation [12-17], the anisotropic evolution of fine-structure constant[18-20] and
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the CMBR parity asymmetry [21-25]. In fact origin of these anomalies do
not understood and treat as puzzles. There are two different proposals to
understand them as follows: Perhaps they are originated from cosmological
effects which should be described via alternative gravity theories instead of
the Einstein‘s general relativity. Other possibility which arises these direc-
tional anomalies can be systematic errors or contaminations of measuring
instruments and etc., which should be exclude from the future data analysis.
In the latter case one usually accept validity of the standard cosmological
ΛCDM model while in the former proposal one use an alternative gravity
model instead of the Einstein‘s general relativity. Zhao and Santos, provided
full review about these proposals in ref.[26] where the directional anoma-
lies predict a preferred axis in large scale of the Universe. In short, they
compare the preferred directions in large-scale observations and the CMBR
kinematic dipole and found a strong alignment between them. In fact CMBR
dipole is caused by motion of the Solar System in the universe which is a
non-cosmological effect. One can see [27-38] for review on results of the
Wilkinson-Microwave Anisotropy Probe (WMAP) and [33-34] for review on
the Plank results and [39] for recent review.
However, the general covariance principal leads us to believe that these
anomalies have cosmological origin. To do so some alternative cosmological
models are provided where the cosmological principals (spatial homogeneity
and isotropy in large scales structure) should be violated. In general, some
anisotropic curved space times should be supported by anisotropic stress
energy-momentum tensor of matter fields which are not present in the stan-
dard FLRW cosmology [40-41]. One can see [42-43] for anisotropic vector field
and [44-57] for anisotropic cosmological constant and dark energy. See also
[53-55] which describe homogeneous but anisotropic Kantowski-Sachs cosmo-
logical model. To describe the above mentioned anomalies the anisotropic
Bianchi cosmological models are applicable [56-57] for anisotropic cosmolog-
ical constant and dark energy. See also [53-57].
As an alternative gravity model we consider scalar-vector-tensor gravity model
[59-60] which is made from generalization of the well known Jordan-Brans-
Dicke scalar tensor gravity [60] by transforming the background metric as
gµν → gµν + 2NµNν . Nµ is dynamical four vector field which can be called
as four velocity of a preferred reference frame. Several classical and quan-
tum applications of this model are studied previously for FLRW cosmology
(see [61] and references therein). In the present work we study affects of dy-
namical mass-less vector field Nµ and self-interaction potential of the Brans
2
Dicke scalar field, on anisotropy property of the cosmological background.
We use anisotropic background metric of the Bianchi I model and solve grav-
itational field equations. Mathematical calculations show three types of the
solutions as follows: a) non-singular, anisotropic, exponentially, accelerating,
expanding universe for a linear potential. b) singular, power-law acceler-
ating, anisotropic, expanding universe for a power-law Brans Dicke scalar
potential. c) anisotropic, non-singular, non-accelerating Dirac-Milne type
one-dimensional, expanding vacuum universe.
Organization of the paper is as follows. In section 2, we introduce the scalar-
vector-tensor gravity model [59-60] under consideration. In section 3, we
use the Bianchi I type of the background metric to obtain exact form of dy-
namical field equations. We solve gravitational equations in presence of an
anisotropic perfect fluid. After than that we seek inflationary accelerating
expanding phase by adapting our solutions with observed experimental val-
ues on the parameters. This is done for different regimes of the cosmological
system. In section 4 we denote to concluding remark and outlook of the
work.
2 The Model
Let us we start with the following scalar-vector-tensor-gravity action [59-60]:
Itotal = IBD + IN (1)
where
IBD =
1
16π
∫
dx4
√
g
{
φR− ω
φ
gµν∇µφ∇νφ
}
(2)
is the well known BD scalar tensor action [61], and
IN =
1
16π
∫
dx4
√
g{ζ(xν)(gµνNµNν + 1) + 2φFµνF µν − U(φ,Nµ)
−φNµNν(2F µλΩνλ + F µλFνλ + ΩµλΩνλ − 2Rµν +
2ω
φ2
∇µφ∇νφ)} (3)
with
Fµν = 2(∇µNν −∇νNµ), Ωµν = 2(∇µNν +∇νNµ) (4)
describes action of a dynamical preferred reference frame coupled as non-
minimally with the Brans Dicke gravity. The vector field Nµ(x
ν) can be
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described as unit time like dynamical four velocity of a preferred reference
frame such that
gµνN
µNν = −1. (5)
In fact the general covariance leads us to consider Nµ as a dynamical vector
field. ζ(xµ) is undetermined Lagrange multiplier and U(φ,Nµ) is interacting
potential between scalar and vector fields. Up to additional terms ζ and U
the action (3) is obtained from (2) by transforming the background metric
as gµν → gµν + 2NµNν . Detail of calculations are given at refs. [59-60].
The action (3) shows that the vector field Nµ is coupled as non-minimally
with the BD scalar field φ. The action (1) is written in units c = ~ = 1
with Lorentzian signature (-,+,+,+). The undetermined Lagrange multiplier
ζ(xν) controls Nµ to be as unit time-like vector field. φ describes inverse of
Newton‘s gravitational coupling parameter and its dimension is (lenght)−2
in units c = ~ = 1. Absolute value of determinant of the metric gµν is
defined by g. Present limits of dimensionless BD parameter ω based on
time-delay experiments [63-66] requires ω ≥ 4 × 104. General relativistic
approach of the BD gravity action (2) is obtained in limits ω → ∞. Our
solutions predict that for the inflationary epoch of the anisotropic expanding
universe, ω reaches to some small values for the scalar-vector tensor gravity
under consideration. We now set the above dynamical equations for Bianchi
anisotropic cosmological models as follows.
3 Bianchi I cosmology
Spatially homogenous but anisotropic dynamical flat universe is defined by
the Bianchi I metric which from point of view of free falling (comoving)
observer is defined by the following line element [40].
ds2 = −dt2 + e2a(t){e−4b(t)dx2 + e2b(t)(dy2 + dz2)} (6)
where x, y, z are cartesian coordinates of the comoving observer and t is cos-
mic time. In the above metric equation we assume that the spatial parts have
a cylindrical symmetry for which ea(t) is an global isotropic scale factor and
b(t) represents a deviation from the isotropy. Substituting (6) the equation
4
(5) reads to the following ansatz.
Nµ(t) =


Nt
Nx
Ny
Nz

 =


coshα
ea−2b sinhα cos β
ea+b sinhα sin β cos γ
ea+b sinhα sin β sin γ

 (7)
where (α, β, γ) are angular constant parameters of the vector field Nµ which
makes as fixed its direction at the 4D anisotropic space time (6). Substituting
(7) one can calculate Fµν and Ωµν as follows.
Ftx = 2(a˙−2b˙)Nx, Fty = 2(a˙+ b˙)Ny, Ftz = 2(a˙+ b˙)Nz, Ωti = −2Fti. (8)
where i = (x, y, z). Substituting (6), (7) and (8) the action functionals (2)
and (3) reduce to the following forms respectively.
IBD =
1
16π
∫
dx4e3a{ωφ˙
2
φ
− 6φ(2a˙2 + b˙2 + a¨)}. (9)
and
IN =
1
16π
∫
dx4e3a
[
Aφa˙2+Bφb˙2+Cφa˙b˙+Eφa¨+Qφb¨+2ω cosh2 α
φ˙2
φ
−U(φ, a, b)
]
(10)
where dot˙denotes to ‘cosmic‘ time derivative d
dt
and the parameters A,B,C,E,Q
are defined as follows.
A = 6 + 72 sinh2 α cos2 β(1 + sinh2 α sin2 β), (11)
B = 12 cosh2 α−4 sinh2 α(52−39 sin2 β+63 sinh2 α sin2 β cos2 β+9 sinh2 α sin2 β)
(12)
C = 220 sinh2 α− 330 sinh2 α sin2 β − 144 sinh4 α sin4 β (13)
E = 1 + 4 cosh2 α (14)
and
Q = 2 sinh2 α(2− 3 sin2 β). (15)
Substituting (9) and (10) into the equation (1) we will have
Itot =
1
16π
∫
dxdydz
∫
dte3a
{ω(1 + E)
2
φ˙2
φ
+(A−12)φa˙2+φ(B−6)b˙2+Cφa˙b˙
5
+(E − 6)φa¨+Qφb¨− U(ψ, a, b)} (16)
In general, if the action functional contains time derivative (acceleration)
of velocity of the dynamical fields then there will be some frictional forces
which cause that the extremum point of the action functional does not fixed.
The latter kind of dynamical systems are not closed and so stable. They
behave usually as chaotic dynamical systems. Hence we should eliminate
these acceleration terms of the dynamical fields to fix extremum points of the
system. In general one can eliminate divergence-less terms of such an action
functional by integrating by parts and obtain an effective action functional
to solve the corresponding Euler-Lagrange equations. Here we can eliminate
a¨ and b¨ terms without to use an effective action functional instead of the
action functional (16) just by setting
E = 6, Q = 0 (17)
for which
sin2 β =
2
3
, cosh2 α =
5
4
. (18)
This restrict us to choose a particular direction for the time-like dynamical
vector field (7) where the lagrangian of the system has not frictional terms
a¨ and b¨. Substituting (18) into the parameters (11), (12) and (13) we obtain
A = 13, B = −16, C = −4. (19)
The above ansatz for the action parameters helps us to study the system
with the lagrangian itself instead of an effective one.
Substituting (18) and (19), the equation (16) reads
Itot =
1
16π
∫
dxdydz
∫
dte3a{7
2
ω
φ˙2
φ
+φa˙2−22φb˙2−4φa˙b˙−U(φ, a, b)}. (20)
Varying the above action functional with respect to the fields φ, a and b
one can obtain the corresponding Euler Lagrange equations respectively as
follows.
7ω
φ¨
φ
− 7ω
2
φ˙2
φ2
+ 21ωa˙
φ˙
φ
− a˙2 + 22b˙2 + 4a˙b˙+ ∂U
∂φ
= 0, (21)
a¨− 2b¨+
(
φ˙
φ
+ 3a˙
)
(a˙− 2b˙) + 1
2φ
∂U
∂a
+
3
2
U
φ
= 0 (22)
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and
a¨+ 11b¨+
(
φ˙
φ
+ 3a˙
)
(a˙+ 11b˙)− 1
4φ
∂U
∂b
= 0. (23)
Now we seek solutions of the field equations (21), (22) and (23) by re-
garding some suitable initial conditions which should be satisfied with the
observational data.
3.1 De Sitter expansion with anisotropy
As an observational data we know that the Brans Dicke field reaches to
inverse of the Newton‘s coupling constant φ→ 1
G
in limits ω >> 40000 [63-
66]. One can infer that the equations (21), (22) and (23) have an anisotropic
inflationary solution for a linear potential as follows.
a(t) = Ht, b(t) = −Ht
11
, φ(t) =
eθHt
G
(24)
with
U(φ, a, b) = V0φ (25)
where
θ2 +
(
9− 26
7ω
)
θ − 117
77ω
= 0, (26)
V0 = −26
33
(3 + θ)H2 (27)
and the constant parameter H is the Hubble parameter. In limits ω >> 1
we obtain
θ+ ≈ 13
77ω
, V0 ≈ −26H
2
11
. (28)
Our obtained solution reaches to the boundary value φ = 1
G
in the general
relativity approximation ω → ∞. Physically we know that φ(t) should be
a rasing function by increasing the cosmic time t → ∞ hence we do not
consider the choice θ− obtained from (26) as an un-physical solution. We
plot diagram of the parameter equation (26) in figure 4 where all negative
values for θ are not physical. Because they give a decreasing φ(t) versus t.
Substituting (24) into the metric equation (6) we obtain
ds2 = −dt2 + e26Ht/11dx2 + e20Ht/11(dy2 + dz2) (29)
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where the anisotropy does not removed at end of the inflation. Because rate
of anisotropy is time independent as Σ = b˙
a˙
= − 1
11
. For a nonlinear potential
U(φ) there is obtained a power-law scale factor for the anisotropic accelerat-
ing universe. The latter case is studied in the following subsection.
If the above obtained solution to be a realistic model of the early universe,
it should be consistent with recent observational date satisfying the deceler-
ation parameter q = −1− H˙
H2
< 0 which reads q = −1 for the solutions (24).
A useful quantity to understand how much the world inflate, is the number
of e− folds which is defined by N = ∫ tf
ti
Hdt where ti(tf ) denotes to time of
begin (end) of inflation. In this model we obtain N = H(tf − ti). The scale
observed through CMB corresponds to N ∼ O(100) at end of the inflation
which is happened at particular time tf . In physical cosmology, the cosmic
inflation is a theory of exponential expansion of space in the early universe.
The inflationary epoch lasted from 10−36 seconds after the conjectured Big
Bang singularity to sometime between 10−33 and 10−32 seconds after the sin-
gularity. Substituting ti = 10
−32 and tf = 10
−36 as begin and end times
of the inflation respectively and N = 100 we can obtain 1
H
≈ 1034 seconds
which is equal to 1
H
≈ 1027 years. This is age of the universe.
To answer to the question: What kind of the matter is dominated for this
inflation, we should obtain equation of state of the above inflationary cosmo-
logical system by calculating the matter density and directional pressures.
To do so we apply the metric solution (29) to calculate Einstein tensor com-
ponents such that
ρ = T tt = G
t
t =
360
121
H2 (30)
px = T
x
x ≡ −Gxx = −
300
121
H2 (31)
py = T
y
y = −Gyy =
399
121
H2, pz = T
z
z ≡ −Gzz = −
399
121
H2 (32)
where directional barotropic indexes are
γx =
px
ρ
= −5
6
= −0.83333, γy = γz = −133
120
= −1.1083
, γ¯ =
γx + γy + γz
3
= −61
60
= −1.0167. (33)
Here we assumed that stress tensor of the vector and scalar fieldsNµ, φ behave
similar to an anisotropic fluid with with stress tensor diag{ρ, px, py, pz}.
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We know that for an isotropic and homogenous FRW space time supported
by a dark energy perfect fluid the barotropic index is γDE = −1 at epoch of
the inflation. This shows a small deviation with our obtained results given
by the Eq. (33). This deviation is related to the anisotropy property of the
space time.
3.2 Power-law expansion with anisotropy
One can obtain a power-law solution for the equations (21), (22) and (23) as
follows.
a(t) = α ln(t/
√
G), b(t) = β ln(t/
√
G), φ(t) =
(t/
√
G)
λ
ω
G
, U(φ) = U0(Gφ)
λ−2
λ
(34)
where the constants α, β, λ and U0 satisfy the following relations.
A1ω
2 + A2ω + A3 = 0, (35)
B1ω
2 +B2ω +B3 = 0 (36)
and
U0G
2 =
4β(α+ 11β)[λ+ (3α− 1)ω]
λ− 2ω (37)
where we defined
A1 = 4β(α+ 11β)(3α− 1), A2 = [7(3α− 1)λ− (α2 + 22β2)]λ, A3 = 7λ
3
2
(38)
and
B1 = [6αβ(α+ 11β)− 2(α2 + 22β2)](3α− 1),
B2 = λ[3(α− 1)(α2 + 22β2) + 6αβ(α+ 11β)]
B3 = λ
2(α2 + 22β2). (39)
The Newton‘s coupling constant G is given in the denominator of the solu-
tions (34) because of their dimensional settings. We know that in geometrical
units where c = ~ = 1 then dimension of the factor G is (lenght)2.
The condition of having a common root ω of two equations (35) and (36) is
A1
B1
=
A2
B2
=
A3
B3
(40)
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where the common root is
ω =
−A2 ±
√
A22 − 4A1A3
2A1
. (41)
Substituting (38) and (39), the condition (40) reads
792δ4α5−264δ4α4+12δ(3δ−2)α3+δ(5−12δ)α2+2δ(1−132δ)α−α+55δ2 = 0
(42)
and
λ =
4α2(3α− 1)δ(1 + 11δ)(1 + 22δ2)
7[3αδ(1 + 11δ)− (1 + 22δ2)] (43)
where we defined rate of relative anisotropy per isotropy as
δ =
β
α
. (44)
For an accelerating expanding universe we have α > 0. On the other side
for increasing function φ(t) given by (34) we should choose λ > 0 for ω > 0.
Hence we should choose particular values of the parameters α, β, ω > 0 given
by (41), (42) and (43) which satisfy the conditions (α, ω, λ) > 0. Substituting
(34) into the metric equation (6) we obtain
ds2 = −dt2 + (t/
√
G)2α{(t/
√
G)−4βdx2 + (t/
√
G)2β(dy2 + dz2)}. (45)
If our solutions to be a realistic model of the early universe, it should be con-
sistent with recent observational date satisfying the deceleration parameter
q < 0 which by substituting (34) reads
q = −1− H˙
H2
= −1 + 1
α
(46)
where we should choose α > 1 for accelerating expanding universe. A use-
ful quantity to understand how much the world inflate, is the number of
e − folds defined by N = ∫ tf
ti
Hdt. Substituting the power-law inflating so-
lution (34) we obtain H(t) = a˙ = α
t
which by inserting into the e − folds
equation N =
∫ tf
ti
Hdt we obtain N = α ln
( tf
ti
)
. The scale observed through
CMB corresponds to N ∼ O(100) at end of the inflation which is happened
at particular time tf . Experimentally it is estimated the inflationary regime
of the accelerating expanding universe should begin at least ti = 10
−36s after
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the big bang and to finish at the time tf = 10
−32s such that N ≈ 100. Substi-
tuting the latter numerical values into the relation N = α ln
( tf
ti
)
we obtain
α ≥ 10.857. Thus to have a singular anisotropic accelerating expanding uni-
verse such that (45) we must be set at least α > 10.857.We plotted diagrams
of the anisotropy parameter δ and Brans Dicke field parameters (λ, ω) versus
the e-folds parameter α in figure 1. It shows that δ and absolute value of ω
decrease by raising α but λ increases at the inflationary epoch. Substituting
α = 10.857 the equations (41), (42) and (43) read to the following numerical
values for ω±αβλ.
ω+ ≈ 0.0004, ω− ≈ −0.1719 (47)
for
β+ ≈ 0.07, λ− ≈ −0.12 (48)
and
ω+ ≈ 10−6, ω− ≈ −0.14 (49)
for
β− ≈ −0.004, λ+ ≈ 0.006. (50)
To obtain equation of state of the above power-law inflationary cosmological
system we should calculate density and directional pressures. To do so we
apply the metric solution (34) to calculate Einstein tensor components such
that
ρ = T tt = G
t
t =
3α2(1− δ2)
t2
(51)
px = T
x
x ≡ −Gxx = −
α(1 + δ)[3α(1 + δ)− 2]
t2
(52)
py = pz = T
y
y = T
z
z = −Gyy = Gzz = −
α[3α(1− δ + δ2) + δ − 2]
t2
(53)
where directional barotropic indexes are
γx =
px
ρ
= − [3α(1 + δ)− 2]
3α(1− δ) , γy = γz = −
[3α(1− δ + δ2) + δ − 2]
3α(1− δ2) (54)
with mean barotropic index
γ¯ =
γx + γy + γz
3
= − [3α(1 + δ
2)− 2]
3α(1− δ2) . (55)
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We should be note that positivity condition on the matter density (51) reads
− 1 < δ < 1. (56)
Substituting β± given by (48) and (50) with α = 10.857 into the barotropic
indexes (54) and (55) we obtain
γ+x = −0.9511583694, γ+y = γ+z = −0.9324348930, γ¯+ = −0.9386760519
(57)
for β+ and
γ−x = −0.9379337921, γ−y = γ−z = −0.9389269685, γ¯− = −0.9385959097
(58)
for β−. We plotted diagrams of the barotropic indexes (54) and (55) versus
the e-fold parameter α in figure 2. They show (γx,y,z, γ¯) → −1 at the infla-
tionary regime α > 10.857. Applying metric solution (45) one can calculate
Kretchmann scalar as follows.
RµνηδR
µνηδ
4
=
(α− 2β)2[2(α + β)2 + (α− 2β − 1)2] + (α+ β)2[1 + (α + β − 1)2]
t4
(59)
This shows that the anisotropic cosmological model (45) has a naked sin-
gularity at the origin of the big bang time t = 0. We see that the scalar
Kretchmann vanishes for particular model where
α =
1
3
, β = −1
3
. (60)
The later case which is obtained by solving α + β = 0 and α − 2β − 1 = 0,
describes a non-singular anisotropic non-accelerating expanding (vacuum)
universe because for it the matter density (51) and the pressures (52) and
(53) vanish while the background metric is not flat Minkowski. It become
gxx = t
2, gyy = gzz = 1. This is similar to a Dirac-Milne universe ( see
[67] and references therein) in which x-direction expands with light velocity
while y and z directions do not.
As an observational quantity we calculated the deceleration parameter
(see eq. (46)) which satisfies q < 0 for α > 1. It is an essential condition
for an accelerating expanding Universe. The scalar spectral index ns is other
observational quantity to check validity of our solutions. With lowest order
terms it is defined by (see [68] and references therein)
ns ≃ 1− 2ǫ− η (61)
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where
ǫ = 1 + q, η =
ǫ˙
Hǫ
(62)
are known as the Hubble flow-functions (HFF) which at the slow roll behavior
should be |ǫ| < 1 and |η| < 1. To match the observational date, ns should
be around the unity at the end of inflation. This will be guarantee the
generation of scale invariant scalar perturbations. In fact the Planck full
mission temperature data and a first release of polarization data on large
angular scales measure the spectral index of curvature perturbations to be
ns = 0.968± 0.006 [68].
However we substitute (46) into the equations (61) and (62) to obtain
ns = 1− 2
α
(63)
where
ǫ =
1
α
(64)
and
η = 0. (65)
One can check (64) to infer that it satisfies slow roll condition throughout the
expansion as ǫ < 0.092 for α > 10.857. The equation (63) shows ns ≈ 0.816
for α > 10.857 which satisfies experimental value ns = 0.968 ± 0.006 [68]
corresponding to slow roll conditions.
We plotted diagrams for ns, q, ǫ versus the e-fold parameter α in figure 3.
We see that their numerical values reach to experimental values for inflation
regime α > 10.857. Figure 4 shows behavior of the Brans-Dick self interaction
potential for different values of the e-fold parameter α.We see from this figure
that the potential behaves as absorbent and repellent at the begin of the
expansion α << 1 while reaches to repellent behavior only at the inflation
epoch α > 10.857.
4 Concluding remark
We used the generalized BD scalar ‘vector‘ tensor gravity to study anisotropic
Bianchi I cosmology. We solved dynamical field equations and succeeded to
obtain an analytic solution for isotropic counterpart of inflationary acceler-
ating expanding universe scale factor with some anisotropic counterpart. In
13
general there are obtained three types metric solutions as follows: a) non-
singular anisotropic exponentially expansion for a linear Brans-Dicke self in-
teraction potential. b) Power-law time dependent scale factor for a power-law
self-interaction Brans-Dicke potential and c) a one-dimensional non-singular
Dirac-Milne non-accelerating anisotropic expanding cosmology for particu-
lar choice of the metric parameters. All our obtained solutions satisfy the
observational data. This anisotropy vanishes at large scale structure of the
universe but not at the begin of the expansion. Studying a quantum cos-
mological aspect for this work should be challenge and so we propose as a
future work. We like do it in our next work by applying the canonical quan-
tization approach. We will try to solve corresponding Wheeler de Witt wave
equation of the Hamiltonian density and obtain quantized states of the space
time by regarding the anisotropy property of the system. Similar work was
done previously by [69] for a flat isotropic Freedman-Robertson Walker space
time previously.
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Figure 3: Diagrams of the deceleration parameter q, the scalar spectral index
ns and the Hubble flow function ǫ are plotted vs the e− folds parameter α.
Figure 4: Diagrams of the self-interaction Brans Dicke potential coefficients
U0(α), V0(ω) and the Brans Dicke scalar field parameter θ(ω) are plotted for
exponentially and power-law accelerating inflationary expanding anisotropic
universe.
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